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ABSTRACT

WELCH, W. A., P. SOLK, L. AUSTER-GUSSMAN, M. WHITAKER, J. SIDDIQUE, J. FANNING, A. MISHORY, S. KHAN, C. SANTA-
MARIA, S. KULKARNI, and S. M. PHILLIPS. Longitudinal Sedentary Time and Symptoms in Breast Cancer Patients during Chemotherapy
Using Ecological Momentary Assessment. Med. Sci. Sports Exerc., Vol. 55, No. 5, pp. 966—-974, 2023. Purpose: To examine the relationship
between daily fluctuations in symptoms and sedentary behavior (SB) during chemotherapy (CT) for breast cancer. Methods: Breast cancer
patients (N = 68, M, = 48.5 + 10.4 yr) undergoing CT wore an activity monitor on their hip to assess daily SB and completed prompts
assessing symptoms (affect, anxiety, depression, fatigue, pain, and physical and cognitive functioning) for 10 consecutive days (3 d
pre-CT, day of, and 6 d post-CT) at the beginning, middle and end cycles of CT. Mixed models assessed the bidirectional
between-person (BP) and within-person (WP) associations of current day symptoms with minutes of SB measured on 1) the same
day and 2) the next day, controlling for relevant covariates. Results: Within person same-day results revealed a significant association
between affect, anxiety, fatigue, physical functioning, pain, and cognitive functioning and same-day SB. Worse than average symptom
ratings on a given day were associated with more SB that day. There was a significant WP relationship between previous-day anxiety, depres-
sion, and physical function and next-day SB (i.e., worse than average symptom ratings the previous day were associated with more SB the
next day). Within person same-day results revealed a significant association between same-day SB and affect, anxiety, fatigue, pain,
physical functioning, and cognitive functioning. The WP relationships were significant for previous-day SB and next-day affect and pain
(i.e., higher than average SB associated with lower ratings). Relationships persisted when controlling for moderate-to-vigorous physical ac-
tivity. There were no significant BP results. Conclusions: Higher symptom ratings were associated with increased SB and higher SB was
associated with worse symptoms. Future work should identify SB reduction intervention approaches tailoring to daily symptom burden during
CT for breast cancer. Key Words: WOMEN’S HEALTH, INACTIVITY, SYMPTOM REPORTING, LONGITUDINAL

t is estimated that more than 3.8 million women in the
United States have been diagnosed with some type of in-
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vary based on frequency of treatment, dosage of medication,
individual health differences, and stage of cancer (4). How-
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vasive breast cancer (1). The majority (86%) of breast can-
cer patients will receive chemotherapy as their primary cancer
treatment (1). Chemotherapy is a widely used, systemic treat-
ment option that is used to treat multiple stages of breast can-
cer (i.e., resurgence of cancer to metastatic disease) (2). Many
individuals who undergo chemotherapy experience side ef-
fects such as nausea, vomiting, fatigue, bruising, lowered
immune system, and changes in taste or smell (2—4). Symptoms
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ever, studies consistently show that individuals undergoing
chemotherapy experience some level of burdensome side ef-
fects regardless of the time, dose, or frequency of their treat-
ment with symptoms persisting well beyond their treatment
period (4). Because of the persistent nature of chemotherapy
side effects, it is important that cancer survivors avoid and re-
duce unhealthy behaviors that could exacerbate chemotherapy
side effects further.

One of these unhealthy behaviors is sedentary behavior, de-
fined as any waking behavior in a sitting or lying position with
an energy expenditure of less than 1.5 METs (5). Posttreat-
ment breast cancer survivors engage in more sedentary behav-
ior than healthy controls, spending an estimated 9.2 h of their
waking time sedentary almost an hour more than healthy con-
trols (8.3 h per waking day) (6). Sedentary behavior is associ-
ated with many deleterious health outcomes among the general
population, including metabolic syndrome and all-cause
mortality (7-9). Among the cancer population specifically,

966

Copyright © 2023 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


mailto:wmorelli@mcw.edu
mailto:wmorelli@mcw.edu

€202/50/S0 U0 MbgbevYNdMH-+S}
TOMZPOMANDXAHYXMbeIbIsTIYeIAagg1009XSaN9ISW+Xb|0dbAgav AOZA43abnxZz|ez0yN82z0eA68AMNREZINHISPNMBNZIMIME

rd3lwNey,09TdoH8rONBAUOATZA+S.EZYXWBLSINAIABEHO AQ 8SSW-WSoe/WOod MM|"S[feulnol//:dny woJy papeojumod

sedentary behavior is also associated with poor health out-
comes such as weight gain, increased waist circumference,
poor quality of life, cancer specific mortality, and higher
levels of fatigue, pain, and depression among breast cancer
survivors (10—-14).

Given these negative effects, it is important to understand
whether a temporal relationship exists between chemotherapy
symptoms and sedentary behavior. To date, it is known, among
posttreatment breast cancer survivors, demographic variables
including working part time, being married, higher body mass
index (BMI), greater number of chronic conditions, advanced
disease stage, and treatment with radiation are all associated
with increased sedentary time (15,16). In addition, beliefs re-
garding the negative effects of sedentary behavior, outcome
expectations regarding the benefits of reducing sedentary be-
havior, and lifestyle self-efficacy are correlated with less time
spent sedentary (15).

Most studies use retrospective data to examine the relation-
ships between sedentary behavior and symptoms, and few
studies have examined this relationship in real time or during
chemotherapy. Ecological momentary assessment (EMA)
could provide insights into relationships between real-time
symptoms and sedentary behaviors, whereas reducing errors
associated with recall (17). Through EMA, responders can re-
port real-time symptoms, affect, and behavior statistics close
in time to the primary experience being measured (i.e., treat-
ment related side effects) (11). In a study by Pinto et al. (18),
posttreatment breast cancer survivors responded to EMA
prompts while wearing an accelerometer. Within-person (WP)
results indicated an increased state of anxiety, stress, sadness,
worry, and fatigue were associated with increased sedentary be-
havior, whereas more positive affect was associated with less
sedentary behavior. In addition, the effects of fatigue and posi-
tive affect were lagged, indicating that current levels of fatigue
and positive affect predicted later sedentary behaviors (18).
However, this study did not examine the relationship between
symptoms and sedentary behavior during chemotherapy. Given
that the time of primary treatment like chemotherapy may be
a pivotal moment for health behavior change among cancer
survivors, understanding the dynamic relationship between
symptoms and sedentary behavior during chemotherapy is
especially important (19-21). We previously explored these
relationships in relation to moderate-to-vigorous physical
activity (MVPA) and light intensity physical activity, find-
ing a significant WP effect of patients” symptoms on their
physical activity behaviors within this study (22). The pres-
ent study sought to examine the relationship between daily
changes in symptoms and SB during CT for breast cancer.
To do this, we examined the effect of same-day symptoms
on same-day SB and the reciprocal relationship of the effect
of same-day SB on same-day symptoms as it is unknown in
which direction these variables may influence one another.
Further, we examined the lagged effect of each association,
estimating the relationship between previous-day symptoms
on next-day SB and, likewise, previous-day SB on next-day
symptoms.

METHODS
Recruitment

Patients were recruited from a large urban, academic medical
center in the U.S. Participants were identified through the elec-
tronic medical record and recruited before their first or second
dose of chemotherapy. Inclusion criteria were as follows: (i) fe-
male >18 yr of age; (ii) diagnosed with stage I-11I breast cancer;
(iii) scheduled to receive chemotherapy at study site and able to
complete first data collection timepoint before/during second
chemotherapy cycle; (iv) have/had an operable tumor (v) no his-
tory of other primary cancer with exception of non-melanoma
skin cancer; (vi) own a smartphone; (vii) access to a computer
with internet, and (viii) able to read and write in English.

Potential participants were either contacted in person after
an oncology appointment, referred by their physician, or sent
an email detailing the study endorsed by their physician. After
screening, all participants signed an informed consent. Further
details on recruitment methods can be viewed in our previous
publication (23). Briefly, 318 participants were approached af-
ter medical record screening, 104 completed the screening
form, 77 were eligible for participation and consented to par-
ticipate, and 68 participants enrolled in the study completing
at least data timepoint. All study procedures were approved
by the university’s Institutional Review Board.

Study Procedures

EMA methodology (24) was used in this prospective, longi-
tudinal study to measure participants’ symptoms and acceler-
ometry was used to assess sedentary behavior. Data were col-
lected for 10 consecutive days at three timepoints throughout
chemotherapy treatment. We define and refer to the three
timepoints as T1 (beginning, cycle 1 or 2 of chemotherapy),
T2 (middle, mid-point of chemotherapy), and T3 (end, last cy-
cle of chemotherapy). We combined treatment status into a di-
chotomous variable, defined as 1) “pretreatment/day of treat-
ment” or 3 d prechemotherapy plus the day of chemotherapy
and 2) “posttreatment” or the 6 d postchemotherapy. At T1, par-
ticipants were given a study orientation to introduce them to
study procedures and expectations. In addition, participants re-
ceived an online questionnaire to report health history and de-
mographics. Participants received an assessment packet at each
timepoint that included the accelerometer, accelerometer log,
and procedural instructions. Participants’ assessment period be-
gan 3 d before their chemotherapy dose, and they were instructed
to wear the accelerometer 24/7 and answer EMA prompts on
their smartphone four times per day. After data collection, partic-
ipants mailed back the accelerometer and accelerometer log using
a provided self-addressed and prepaid envelope. To maintain ad-
herence to study protocol, participants were sent reminders/
check-in emails at three timepoints during each data collection
period: 1) the day before data collection; 2) mid-period check-
in on day 5, and 3) post data-collection to remind to return mate-
rials. In addition, participants were contacted by phone and email
if they missed three consecutive EMA prompts.
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Measures

Demographics and health history. Demographic in-
formation including age, race/ethnicity, income, education,
and employment status were reported by participants on an on-
line questionnaire sent after study consent. Participants also
self-reported health history, disease characteristics (i.e., num-
ber of comorbidities and current health status), and height
and body weight to calculate BMI. Body mass index and age
were confirmed via medical records. Information about dis-
ease stage and chemotherapy dose cycle number and date were
collected from participants’ medical records.

Symptoms. We wanted to look at a wide range of symp-
toms to better understand the possible relationship between
sedentary behavior and symptom burden during treatment since
very little research in this area exists. We chose symptoms that
commonly occur during chemotherapy. Current presence and se-
verity of symptoms were assessed using modified single items
from the Patient-Reported Outcomes Measurement Information
System (PROMIS) (25). EMA symptom burden prompts asked
participants to rate their affect, anxiety, depression, fatigue, phys-
ical functioning, and pain. These questions are further detailed
in Table 1. Participants received four prompts per day on their
smartphone via text message. Participants had 60 min to com-
plete each prompt, and text message reminders were sent up to
three times every 15 min to participants who had not yet com-
pleted the current prompt. Participants self-reported their wake
and bedtimes to generate the times they received prompts.
Table 2 details the daily symptom burden prompt schedule.

Sedentary Behavior and MVPA

To collect objective data on daily SB, participants wore an
Actigraph Accelerometer (model wGT3X-BT; Actigraph Cor-
poration); a valid and reliable measure of free-living activity
behavior, (29,30) for 10 consecutive days (3 d pretreatment,
one treatment day, and six posttreatment days). Participants
wore the monitor on the nondominant hip during waking
hours (except when bathing or swimming). Participants re-
corded their monitor wear times on an activity log and speci-
fied when they moved the monitor from their hip, in addition
to any nonwear time. Only waking data were analyzed for
the present analysis. All sleep data were excluded. Data were
collected at 60-s epochs. We used the Choi algorithm to clas-
sify nonwear periods, in addition to the log data (31). All data
were downloaded and analyzed in ActiLife 6.13.3. Only valid
days were included in the analysis. To be considered a valid
day of accelerometer wear, the monitor must have been worn
during >10 waking hours (31,32). Valid minutes of wear time
were categorized by activity intensity (counts per minute)
(33), using the Troiano cut points (34). Daily sedentary time
was classified as minutes spent at <100 counts per minute, mod-
erate and vigorous intensity was classified as 2020 counts per
minute or greater (35). All participants with at least two valid
pretreatment days and three valid posttreatment days were re-
quired for inclusion in final analysis.

TABLE 1. Symptom burden prompt questions from the PROMIS.

Cognitive Function

Physical Function (ADL)

Physical Function

Pain (27,28) (27,28)
My mind is as sharp as

(27,28)

(Walking) (27,28)
Are you physically able to  To what extent are you able to What is your pain level

Depression (27,28) Fatigue (27,28)

Anxiety (27,28)

Affect (26)
Estimate how good or bad My worries overwhelm me How would you rate your How would you rate your

Question

usual right now.

right now?

carry out your everyday

go fora walk for at least
15 min right now?

fatigue right now?

depression right now?

right now.

you feel right now.

physical activities such as
walking, climbing stairs,

carrying groceries, or

moving a chair right now?

5-Point Likert Scale

5-Point Likert Scale

11-Point Likert Scale

5-Point Likert Scale

11-Point Likert Scale 5-Point Likert Scale 5-Point Likert Scale 5-Point Likert Scale

Type of

1 (not at all) to 5 (very
much)*

pain imaginable)

1 (without any difficulty) to 5 0 (no pain) to 10 (worst
(unable to do)

1 (completely) to 5
(not at all)

1 (strongly disagree) to 5 1 (none) to 5 (very severe) 1 (none) to 5 (very severe)
(strongly agree)

0 (very bad) to 10
(very good)*

response

Response
choices

*Items that were reversed scored for analyses; higher scores indicate worse symptom ratings.
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TABLE 2. Daily prompt schedule.

Lower Time Upper Time Random Time
Boundary Boundary within Boundary?
Prompt 1 Wake time <2 h after wake time Yes
Prompt 2 >2 h after prompt 1 N/A Yes
Prompt 3 >2 h after prompt 2 N/A Yes
Prompt 4 >2 h after prompt 3 <2 h before bedtime Yes

Statistical Analysis

All analyses were conducted in SPSS version 27 (IBM Corp.,
Chicago, IL). Means and SD were calculated for SB by timepoint
and treatment status. Because of our nested data structure (ob-
servations nested WP), we used multilevel linear regressions
with a random intercept to conduct comparisons by timepoint
and treatment status. First, we examined SB change across
timepoint and treatment status by fitting separate multilevel
linear regression models regressing SB on 1) time point
(T1, T2, T3), 2) treatment status (prechemotherapy, day
of/postchemotherapy), and 3) time point by treatment status
interaction (model 1). Model 2 repeated the above models con-
trolling for relevant covariates: age, BMI, number of comorbid-
ities, health status, disease stage, chemotherapy type (neoadju-
vant, adjuvant), weekend day, accelerometer wear time,
treatment cycle number, timepoint by symptom interaction,
and a treatment status by symptom interaction. Model 3 treated
timepoint as an ordinal variable to compare SB outcomes be-
tween each timepoint to better understand SB time course con-
trolling for all covariates. Pairwise comparisons for timepoint
and SB used the Bonferroni correction at the 0.05 level.

Next, we examined the relationship between same-day symp-
toms and same-day SB using separate multilevel linear re-
gression models for each symptom. The daily symptom rat-
ing was set as the main predictor variable and disaggregated
into between-subjects and within-subjects versions (35). The
between-subjects version represents a participant’s symptom
rating average score across all 30 d of study participation.
Within-person results represent the deviation of the partici-
pant’s daily mean from their overall mean (36), calculated as
the difference between their symptom rating that day and their
average 30-d symptom rating. Four sets of models were fit to
examine the relationship between SB and each symptom. The
first set of models fit separate models for each symptom to ex-
amine the fixed effects of BP and WP symptom rating for
same-day symptoms on same-day SB. We included a random
intercept and a random timepoint effect and fixed effect of
timepoint, weekend/weekday, treatment status, BMI, number
of comorbidities, health status, disease stage, treatment cycle
number, chemotherapy type, accelerometer wear time, timepoint
by treatment status interaction, timepoint by symptom interac-
tion, and treatment status by symptom interaction on daily SB.
We then added minutes of MVPA into the model as a covariate.

The second set of models examined the fixed effects of BP
and WP symptom rating for previous-day symptoms on
next-day SB for each symptom. As with the first set of models,
we included a random intercept and a random timepoint effect
and fixed effect of timepoint, weekend/weekday, treatment

status, BMI, number of comorbidities, health status, disease
stage, treatment cycle number, chemotherapy type, accelerom-
eter wear time, timepoint by treatment status interaction,
timepoint by symptom interaction, and treatment status by
symptom interaction on daily SB, in addition, we included the
next-day WP symptom rating. Again, we then added minutes
of MVPA into the model as a covariate. We used the Bonferroni
correction to preserve the family-wise error rate at the 0.05
level, this correction corresponds at a < 0.002 significance level
and 99.8% confidence intervals (CI).

Model sets 3 and 4 were run to examine the reciprocal rela-
tionship between SB and each symptom. In the third set of
models, separate models were fit to examine the fixed effects
of BP and WP same-day SB on same-day symptoms. In the
fourth set of models, we fit separate models to examine the fixed
effects of BP and WP previous-day SB of next-day symptom rat-
ing. We followed the same procedures as in model sets 1 and 2,
controlling for relevant covariates and MVPA, in addition to the
next-day WP symptom rating for the lagged model. Bonferroni
correction to preserve the family-wise error rate, corresponding
to a < 0.002 significance level and 99.8% CI.

Power Analysis

We were powered to detect WP differences taking into ac-
count number of days of observations, number of participants,
number of repeated measures per participant, and the intraclass
correlation. Assuming an intraclass correlation of 0.4 and an
average of >8 d of accelerometer wear at all three timepoints
[23], we have 80% power to detect effect sizes as small as
0.11. With 67 participants, 10 d of activity data at baseline,
and two postbaseline timepoints, we have adequate power to
detect WP activity changes. Further, to reduce the risk of Type
I error we applied the Bonferroni correction to preserve the
family-wise error rate at the 0.05 level, this correction corre-
sponds at a <0.002 significance level and 99.8% CL

RESULTS
Participants

A total of 75 participants were eligible and consented to par-
ticipate in the study. All participants with at least one timepoint
of valid sedentary behavior and symptom rating data (n = 67)
were included in the analyses, with 63 participants having com-
plete data at all three timepoints. Details regarding recruitment
and retention of participants can be found elsewhere [37]. On
average, participants were 48.6 yr old [range: 31-71], and over-
weight (27.6 mkg 2 [range: 17.9-52.5]). A majority of partic-
ipants were White (76.6%) and completed college (67.2%).
Eighty percent of participants were diagnosed with Stage I or
IT disease and 65.7% were receiving adjuvant chemotherapy
during the data collection period. Almost half of participants
(44.4%) self-reported meeting physical activity guidelines
(>150 min-wk ' of MVPA) before their cancer diagnosis and
on average, participants engaged in 22.7 & 22.6 min of MVPA
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during the course of their study participation. All participant
characteristics are reported in Table 3.

Sedentary Behavior Descriptives

Over the course of the entire study period, participants en-
gaged in over 10 h-d”', or an average of 651.9 = 171.8 min,
of time spent sedentary. Controlling for wear time, sedentary
behavior increased as timepoint increased (B = 9.2; 95% CI,
2.6-15.8). Day of/posttreatment days were significantly asso-
ciated with 20.5 (95% CI, 31.2-9.7) more minutes of SB com-
pared with pretreatment days. Finally, there was a significant
time by treatment interaction (f = 10.6; 95% CI, 5.1-13.8);
SB on day of/posttreatment days increased over time. All sig-
nificant relationships remained after controlling for relevant
covariates in model 2.

Symptoms Predicting Sedentary Behavior

Figure 1 provides a graphical representation of the regression
coefficients and 99.8% CI of sedentary behavior on symptom

TABLE 3. Participant characteristics (mean [range] or n (%)).

Characteristics Mean [Range] or n (%)
Age (yr) 48.6 [31-71]
BMI (kg-m~?) 27.6 [17.9-52.5]
Race
White 51 (76.6%)
African American 8 (10.9%)
Asian/Pacific Islander 4 (6.3%)
Other 4 (6.3%)
Hispanic/Latino 9 (12.9%)
College degree or greater 52 (78.1%)
Working at least part time 45 (67.2%)
Annual household income >$100,000 31 (46.3%)
Marital status
Married/partnered 45 (67.2%)
Single 11 (16.4%)
Divorced/separated 5 (7.5%)
Widowed 3 (4.5%)
Unknown 3 (4.5%)
Chronic disease
Asthma 10 (16.9%)
Depression 9 (12.9%)
Arthritis 8 (10.9%)
Obesity 7 (12.1%)
Upper gastrointestinal disease 5 (7.5%)
Osteoporosis 4 (6.3%)
Anxiety or panic disorders 4 (6.3%)
Visual impairment 4 (6.3%)
Diabetes 3 (4.5%)
Degenerative disc disease 3 (4.5%)
Hearing impairment 2 (3.4%)
Chronic obstructive pulmonary disease 1(1.7%)
Congestive heart failure 1(1.7%)
Overall health status at baseline
Fair/poor 5 (7.5%)
Good 25 (37.3%)
Excellent/very good 35 (52.2%)
Did not answer 2 (3.0%)
Meeting physical activity guidelines 38 (44.4%)
(precancer diagnosis)
Breast cancer stage
Stage I/l 17 (80%)
Stage Il 13 (20%)
Chemotherapy type
Neoadjuvant 23(34.3)
Adjuvant 44 (65.7%)

ratings for BP same-day effects, WP same-day effects, and
previous-day WP effects.

Same-day models. Same-day WP associations were sig-
nificant for affect, fatigue, activities of daily living (ADL)
physical function, walk physical function, pain, and cognitive
functioning and daily sedentary behavior (P < 0.05 for all). Ev-
ery 1-point worse symptom rating than an individual’s 30-d av-
erage was associated with between 5.9 (pain) and 29.0 (ADL
physical function) more minutes of SB on that day (see
Fig. 1). The WP effects were larger (i.e., worse than average
symptom rating associated with larger increase in SB) on post-
treatment days compared with pretreatment days for ADL phys-
ical functioning, anxiety, pain, and cognitive functioning. When
we controlled for MVPA, anxiety was no longer a significant pre-
dictor; however, all other relationships between symptoms and
SB remained. Within-person effects of symptom ratings on SB
were larger (i.e., worse than participant’s average symptom rating
was associated with greater time spent sedentary) as timepoint
increased for ADL physical function, walk physical function,
and affect. There were no significant BP effects.

Lagged models. Lagged models showed a significant ef-
fect of previous-day ratings for anxiety and physical function-
ADL on next-day SB. Every one-point worse rating from a
person’s 30-d average rating was associated with 10.2 (anxiety)
and —6.0 (ADL physical function) minutes more SB the next
day. Effects remained significant after controlling for MVPA.

Sedentary Behavior Predicting Symptoms

Same day. Significant WP effects were observed for all
symptoms (Fig. 2). On days participants engaged in more sed-
entary behavior than average, they reported worse ratings on
their symptoms that day. There was a significant BP associa-
tion between same-day SB and affect (B = 0.005; 95% CI,
0.00-0.001) or 0.3 worse affect rating for every 1-h increase
in SB]. For affect, anxiety, ADL physical function, and walk
physical function, the WP effects of SB were significantly
larger (i.e., more than average SB associated with worse symp-
toms) for posttreatment days compared with pretreatment
days. For anxiety, depression, and cognitive functioning, WP
effects of SB were significantly larger as time increased. When
MVPA was added into the model, results persisted.

Previous day. Significant WP effects for previous-day SB
and next-day symptoms were found for affect and ADL phys-
ical function. When participants engaged in more SB on a
given day, they self-reported worse affect (B = 0.006; 95%
CI, 0.002-0.0061) and ADL physical function (§ = 0.0005;
95% CI, 0.0004-0.0008) the next day even when controlling
for MVPA.

DISCUSSION

The purpose of this study was to examine the relationship
between daily changes in symptoms and SB during CT for
breast cancer. Overall, there was a significant relationship be-
tween later treatment cycles and day of/posttreatment days on
greater time spent sedentary. Six [affect, anxiety, fatigue, physical
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FIGURE 1—Regression coefficients and 99.8% CI of sedentary behavior on symptom ratings. Coefficients with CI that do not include zero are significant.
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B, between-person, same-day effects; W, within-person, same-day effects; P, previous-day, within-person effects; PF, physical function.

functioning (ADL and walk), pain, and cognitive function-
ing] of the eight symptoms examined showed a significant
same-day WP effect on SB. However, only anxiety, depres-
sion, and ADL physical functioning demonstrated a lagged ef-
fect on SB and effects were much smaller compared with
same-day effects. In addition, time spent in SB demonstrated
a significant, same-day, WP effect on all same-day symptoms
ratings, except depression. Lagged models showed a significant
effect of time spent in previous-day SB on next-day affect and
physical function. In all analyses, results remained consistent
with the addition of MVPA into the model.

Fatigue and physical functioning (ADL and walking) had
the strongest association with SB such that a one-point poorer
symptom rating was related to an increase in SB of between 20
and 25 min that day. This is important because extended time

spent in sedentary positions has shown to be associated with
obesity, metabolic disorders, and all-cause mortality, even in
healthy populations (37). Pinto and colleagues examined the
relationship between symptoms predicting SB in breast cancer
survivors within 5 yr of diagnosis. Their results indicated higher
scores for sadness, anxiety, stress, worry, and fatigue were sig-
nificantly associated with more time spent sedentary (18).
Taken together, these studies indicate there is a significant rela-
tionship between worsening daily symptoms and higher daily
SB across the cancer treatment continuum and that time spent
sedentary is also high across the cancer care continuum. Like-
wise, our results indicate that when the reciprocal relationship
is examined (i.e., time spent in SB predicting symptom ratings),
there is a significant association for all examined symptoms
suggesting a reciprocal loop between time spent sedentary and
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FIGURE 2—Regression coefficients and 99.8% CI of symptom ratings on sedentary behavior. Coefficients with CI that do not include zero are significant.
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treatment symptoms. This relationship provides further evi-
dence of the importance of breaking the cycle of time spent
sedentary in breast cancer patients undergoing chemotherapy.
Future research should investigate behavioral interventions to
reduce overall sedentary time in breast cancer patients, espe-
cially those undergoing chemotherapy as sedentary behavior
is significantly increased during this period and increases may
persist even after treatment ends. Breaking up long bouts of sed-
entary time with short, low-intensity physical activity bouts
may present a viable, achievable intervention for patients under-
going chemotherapy and survivors (38).

Three symptoms, anxiety, depression, and ADL physical
function, showed a lagged effect, also significantly impacting
time spent sedentary on the following day. These results indi-
cate there may be some benefit to implementing a SB reduc-
tion intervention the night before for the following day; how-
ever, the greatest benefit still seems to be in the current day.
These results are consistent with what our group found when
we examined the lagged effect of symptoms on physical activ-
ity behaviors with results indicating symptoms did not signif-
icantly impact next-day MVPA, with only anxiety showing a
significant impact on light intensity physical activity (22). Col-
lectively, results indicate future interventions should primarily
focus on same-day symptoms and SB reduction, but some spe-
cific previous-day symptoms may also be important.

Finally, our results indicated there was a significant effect of
time and treatment day on time spent in SB and symptom rat-
ings. We hypothesized this relationship given the nature of
chemotherapy. In our other study using these data, we reported
a significant WP effect of symptoms on reducing time spent in
MVPA (22). Even so, participants still reported about 22 min
of MVPA per day, providing encouragement that BC patients
undergoing chemotherapy are able to engage in some physical
activity and indicating SB is an important behavior to target in-
dependent of MVPA intervention. These themes came out in
our qualitative work with breast cancer patients undergoing
chemotherapy citing preferences for a highly personalized and tai-
lored intervention (39). Patients were interested in receiving educa-
tion on both safely reducing SB and increasing PA during
chemotherapy considering their current symptoms. Taken
together, these results indicate first, chemotherapy is an im-
portant period to target for a SB intervention, given the symp-
toms associated with treatments. Further, SB intervention will
need to take into consideration chemotherapy cycle and treat-
ment day, as symptoms worsen, participants may need addi-
tional support for SB reduction during posttreatment and later
chemotherapy cycles. Future research should elucidate the ef-
fect of the specific chemotherapy regimen and the relation-
ship with treatment-related symptoms to further tailor future
interventions.

Limitations and Strengths

This study presents limitations related to the sample and re-
cruitment strategies. The sample was relatively small, but ad-
equately powered for WP analyses. Study participants were

recruited from a single academic medical center, which may
contribute to the homogeneity of the sample. In addition, this
study excluded women with metastatic (stage IV) breast can-
cer. Women diagnosed with stage IV breast cancer may expe-
rience additional symptoms or symptoms of differing intensity
that influence sedentary behavior. Therefore, it is important to
note our findings may not be generalizable to other more het-
erogeneous samples. Future research should examine findings
in a more diverse group of patients (e.g., race, ethnicity, income,
geography, diagnosis, treatment type). We used Actigraph ac-
celerometers worn at the hip, analyzed using counts, to assess
sedentary behavior. The limitations to this movement-based ap-
proach have been well documented but indicate this approach
still provides a valid and reliable measurement of time spent
in sedentary pursuits (33,40). We acknowledge the limitations
in our analysis of the physical activity data by intensity cate-
gory. An important future research question should investigate
the effect of activity type (i.e., aerobic vs strength training) on
symptoms and other survivorship outcomes. Finally, although
our EMA prompts were adapted from validated question-
naires, the clinical significance of their change, as measured,
is not known. Further, we assessed a wide range of chemother-
apy symptoms; however, there are other symptoms that we did
not measure such as chemotherapy-induced neuropathy that
could also influence participants sedentary behavior. Given
that most symptoms improved significantly with reduced time
spent sedentary, these results suggest that generally, same-day
reduction in sedentary time improves cancer symptoms at the
day level.

Despite these limitations, this is the first study to use EMA
methodology to investigate the relation between common symp-
toms experienced by breast cancer patients undergoing chemo-
therapy and sedentary behavior. Physical activity was measured
objectively, and symptoms were reported in real-time in partici-
pants’ natural environments. These methods increase data valid-
ity. In addition, the completely remote nature of the study de-
creased participant burden. Given daily data collection at multiple
timepoints, this study provides insights into the acute effect of
symptoms on sedentary behavior.

CONCLUSIONS

Overall, our results showed there was a significant effect of
timepoint and treatment status on time spent sedentary. In
addition, there were significant WP effects on SB for affect,
anxiety, fatigue, physical functioning (ADL and walk),
pain, and cognitive functioning. Further, our results indicate
a significant reciprocal relationship with a significant WP
relationship between greater time spent in SB predicting
worse individual symptoms ratings for all variables, ex-
cept depression. Taken together these results indicate there
is a significant temporal, treatment, and daily symptom effect
on time spent sedentary in breast cancer patients undergoing
chemotherapy. Given survivors undergoing treatment for
breast cancer show a significant increase in their time spent
sedentary, increasing their risk of negative symptoms, future
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research should target this period to develop ways to reduce
sedentary behaviors taking into account daily fluctuations
in treatment-related symptoms.

This work was supported by the Northwestern Memorial Hospital
Lynn Sage Cancer Research Foundation Grants Initiative and the NCI
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